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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a system for
monitoring a device such as a switchgear ormotor and to
a method for monitoring a device.

BACKGROUND OF THE INVENTION

[0002] EP3786598A1 relates to a system for monitor-
ing a switchgear. It is described that the system com-
prises an infrared camera, a processing unit, and an
output unit. It is described that the infrared camera is
configured to acquire at least one infrared image of the
switchgear. It is described that the processing unit is
configured to determine a pixel in the at least one infrared
imageassociatedwithahottest temperature, and that the
processing unit is configured to determine pixels in the at
least one infrared image associated with a temperature
that is within a threshold temperature of the hottest
temperature. It is described that the processing unit is
configured to determine that a hot spot exists in the
switchgear, the determination comprising utilization of
the determined pixels in the at least one infrared image.
It is described that the output unit is configured to output
an indicationof a fault in theswitchgear on thebasisof the
determined hot spot.
[0003] Infrared (IR) images can be used to identify
technical problems within electrical equipment (e.g.
switchgear) that leads to overheating of components.
However, while a human is quite capable of recognizing
hot spots, automated systems require specific configura-
tions to be able properly to recognize the problems. A
typical approach is to identify a region of interest for each
phase. These regions can then be compared. If one is
significantly hotter than the others, a fault has occurred.
[0004] There are several drawbacks to this approach.
First of all, thephaseshave tobe identified in the IR image
manually for eachmodel and rating of switchgear. This is
a timeconsuming, expensive anderror-proneprocessas
the exact position of the phases in the IR image depend
on many switchgear specific parameters (panel size,
current rating, internal structure) as well as camera spe-
cific parameters (field of view, resolution, and manufac-
turing tolerances of optics). Second, any hot activity
outside the defined region of interest will be ignored,
so any mistakes reduce the efficiency of the algorithm,
and any developing problem in a different component will
not be detected. Thirdly, a modification of the switchgear
during a service task in the field may influence the iden-
tificationof phases in the IR image, and/or anymovement
or change in alignment of the camera’s field of view leads
to a change of the position of the regions and to incorrect
operation.
[0005] There is a need to address these issues.

SUMMARY OF THE INVENTION

[0006] Therefore, it would be advantageous to have an
improvedsystem for processing the IR imageof electrical
equipment to actionable information.
[0007] The object of the present invention is solved
with the subjectmatter of the independent claims, where-
in further embodiments are incorporated in the depen-
dent claims. It is to be noted that the system is described
in some aspects with respect to a switchgear, but finds
utility in other electrical system than can suffer from
components that overheat such as motors. These differ-
ent apparatuses, system or devices are generically
termed devices below.
[0008] Appended claim1defines a system formonitor-
ing a device. Appended claim 15 defines a method for
monitoring a device. These independent claims define
the invention and its scope of protection.
[0009] In an aspect, there is provided a system for
monitoring a device, the system comprising

- an infrared camera;
- a processing unit; and
- an output unit;

[0010] The infrared camera is configured to acquire a
plurality of infrared images of the device, wherein the
plurality of infrared images comprises a first infrared
image and a second infrared image acquired a time
period after the first infrared image. The processing unit
is configured to determine a pixel in the first infrared
image with a hottest temperature and determine a pixel
in the second infrared image with a hottest temperature.
The processing unit is configured to determine a first
number of pixels in the first infrared image that have a
temperaturewithin a threshold temperature of the hottest
temperature of the first infrared image and determine a
second number of pixels in the second infrared image
that have a temperaturewithin the threshold temperature
of the hottest temperature of the second infrared image.
The processing unit is configured to determine a tem-
perature magnitude comprising utilization of the hottest
temperature in the second infrared image and/or a hot-
test temperature in a different infrared image of the
plurality of infrared images acquired at a different time
to the second infrared image. The processing unit is
configured to determine a rate of change of temperature
comprising utilization of the hottest temperature in the
second infrared image and the hottest temperature in the
different infrared image and a time duration between the
acquisition of the second infrared image and the acquisi-
tion of the different infrared image. The processing unit is
configured to determine that a hot spot exists in the
device and/or a hot spot is developing in the device
comprising utilization of a comparison between the first
number of pixels and the second number of pixels and
utilization of the temperature magnitude and the rate of
change of temperature. The output unit is configured to
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output an indication of a fault in the device on the basis of
the determination that a hot spot exists and/or is devel-
oping.
[0011] Thus, if a hot spot is developing then a hottest
region of the device starts to become hotter than ex-
pected. As the hot spot develops it becomes hotter than
other regions of the device and the number of pixels
within a temperature range of the hottest pixel actual
decreases. At the same time on the basis of the tem-
perature of the hottest pixel and a rate of change of
temperature it has been established that it can be deter-
mined that a hot spot is developing. In this way the
reduction in the number of pixels associated with a rate
of change of temperature for a maximum temperature
that is significantly high enough it can be determinedwith
a high confidence that a hot spot is developing and
remedial action, suchas turningoff thedeviceor reducing
power can be done prior to the hot spot causing damage
to the device.
[0012] In thismanner, the change in pixel numbers can
be continually calculated with respect to two temporally
adjacent infrared images and those images also used to
determine amaximum temperature and rate of change of
temperature and all of this information used to determine
if there is a hot spot. However, in order that the difference
in pixel number ismaximised an initial infrared image can
be acquired and the number of pixels calculated and this
can be compared to the number of pixels in a series of
infrared images that are then acquired. However, for that
series of later infrared images, temporally adjacent
images can be used to determine both a maximum
temperature and a rate of temperature which when used
with thedeveloping change in pixel number enables ahot
spot to be identified as developing.
[0013] In anexample, thedifferent infrared image is the
first infrared image.
[0014] In anexample, thedifferent infrared image isnot
the first infrared, and the different infrared image was
acquired at a time between the first infrared image and
the second infrared image, or the second infrared image
was acquired at a time between the first infrared image
and the different infrared image.
[0015] In an example, the time period between acqui-
sitions of the first infrared image and the second infrared
image is greater than the time duration between acquisi-
tions of the second infrared image and the different
infrared image.
[0016] In an example, the threshold temperature is a
fixed temperature offset.
[0017] In anexample, the comparisonbetween the first
number of pixels and the second number of pixels com-
prises a determination of a pixel count difference equal to
the second number of pixels subtracted from the first
number of pixels.
[0018] In an example, the determination that the hot
spot exists in the device and/or the hot spot is developing
in the device comprises a comparison of the pixel count
difference with a threshold pixel count number

[0019] Inanexample, the thresholdpixel count number
is fixed.
[0020] In anexample, the thresholdpixel could number
is a function of the hottest temperature in the first infrared
image and/or in the second infrared image.
[0021] In an example, the determination that the hot
spot exists in the device and/or the hot spot is developing
in the device comprises an analysis of one or more of: a
shape of at least one region within the determined pixels
in the first infrared image and second infrared image; a
sizeof theat least one regionwithin thedeterminedpixels
in the first infrared image and second infrared image; a
position of the at least one region within the determined
pixels in the first infrared image and second infrared
image.
[0022] In an example, the determination that the hot
spot exists in the device and/or the hot spot is developing
in the device comprises a determination that a region in
the second infrared image is smaller than a correspond-
ing region in the first infrared image.
[0023] In other words, for the example of a switchgear
with for example threecurrent carry components, suchas
the same type of circuit breakers, that should equally be
hot, then normally there should be three separate hot
regions within the threshold temperature range of the
hottest pixel. However, when one of these components
develops a fault and becomes hot, then when the thresh-
old temperature range is correctly selected then the
maximum temperatures of the other components sit out-
side of the maximum temperatures (within the tempera-
ture range of the hottest temperature) of the faulty com-
ponent. A consequence is that there is only one region of
temperature within the hottest temperatures, rather than
three in this example, and this can be used to determine
that the component that has this hottest temperature has
a fault.
[0024] In an example, the determination that the hot
spot exists in the device and/or the hot spot is developing
in the device comprises a determination that a number of
regions in the second infrared image is smaller than a
number of regions in the first infrared image.
[0025] In an example, the determination that the hot
spot exists in the device and/or the hot spot is developing
in the device comprises utilization of a machine learning
algorithm
[0026] In an example, the plurality of infrared images
were acquired at different times, wherein the processing
unit is configured to determine a pixel in each of the
plurality of infrared images associated with a hottest
temperature in each of the plurality of infrared images,
wherein the processing unit is configured to determine a
number of threshold pixels in each of the plurality of
infrared images associated with a temperature that is
within the threshold temperature of the hottest tempera-
ture in eachof the plurality of infrared images, andwhere-
in the determination that the hot spot exists in the device
and/or the hot spot is developing in the device comprises
a determination of a rate of change of the number of
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threshold pixels with time.
[0027] In a second aspect, there is provided a method
for monitoring a device, the method comprising:

acquiring by an infrared camera a plurality of infrared
images of the device,wherein the plurality of infrared
images comprises a first infrared image and a sec-
ond infrared image acquired a time period after the
first infrared image;
determining by a processing unit a pixel in the first
infrared image with a hottest temperature and de-
termining a pixel in the second infrared image with a
hottest temperature;
determining by the processing unit a first number of
pixels in the first infrared image that have a tempera-
ture within a threshold temperature of the hottest
temperature of the first infrared image and determin-
ing a second number of pixels in the second infrared
image that have a temperature within the threshold
temperatureof thehottest temperatureof the second
infrared image;
determining by the processing unit a temperature
magnitude comprising utilization of the hottest tem-
perature in the second infrared image and/or a hot-
test temperature in a different infrared image of the
plurality of infrared images acquired at a different
time to the second infrared image;
determining by the processing unit a rate of change
of temperature comprising utilization of the hottest
temperature in the second infrared image and the
hottest temperature in the different infrared image
and a time duration between the acquisition of the
second infrared image and the acquisition of the
different infrared image;
determining by the processing unit that a hot spot
exists in the device and/or a hot spot is developing in
the device comprising utilizing: a comparison be-
tween the first number of pixels and the second
number of pixels; and the temperature magnitude
and the rate of change of temperature; and
wherein the output unit is configured to output an
indication of a fault in the device on the basis of the
determination that a hot spot exists and/or is devel-
oping.

[0028] The above aspects and examples will become
apparent from and be elucidated with reference to the
embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Exemplary embodiments will be described in
the following with reference to the following drawing:

Fig. 1 shows a detailed workflow relating to an ex-
ample of the processing undertaken to determine a
fault in a device such as a switchgear;

Fig. 2 shows the number of pixels in an image for
examples of normal (healthy) and faulty situations;

Fig. 3 shows the change in the number of pixels in an
image within a threshold of the maximum tempera-
ture for examples of normal (healthy) and faulty
situations; and

Fig. 4showsa representationofaseriesofmaximum
temperature versus for different operational scenar-
ios for normal (healthy) and faulty situations.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] Figs. 1‑4 relates to a system for monitoring a
device and a method for monitoring a device.
[0031] According to the invention the system for mon-
itoring a device comprises an infrared camera, a proces-
sing unit, and an output unit. The infrared camera is
configured to acquire a plurality of infrared images of
the device. The plurality of infrared images comprises a
first infrared imageanda second infrared imageacquired
a time period after the first infrared image. The proces-
sing unit is configured to determine a pixel in the first
infrared image with a hottest temperature and determine
a pixel in the second infrared image with a hottest tem-
perature. The processing unit is configured to determine
afirst number of pixels in the first infrared image that have
a temperature within a threshold temperature of the
hottest temperature of the first infrared image and deter-
mine a second number of pixels in the second infrared
image that have a temperature within the threshold tem-
perature of thehottest temperature of the second infrared
image. The processing unit is configured to determine a
temperature magnitude comprising utilization of the hot-
test temperature in the second infrared image and/or a
hottest temperature in a different infrared image of the
plurality of infrared images acquired at a different time to
the second infrared image. The processing unit is con-
figured to determine a rate of change of temperature
comprising utilization of the hottest temperature in the
second infrared image and the hottest temperature in the
different infrared image and a time duration between the
acquisition of the second infrared image and the acquisi-
tion of the different infrared image. The processing unit is
configured to determine that a hot spot exists in the
device and/or a hot spot is developing in the device
comprising utilization of:

• a comparison between the first number of pixels and
the second number of pixels; and

• the temperaturemagnitude and the rate of change of
temperature; and

[0032] The output unit is configured to output an in-
dication of a fault in the device on the basis of the
determination that a hot spot exists and/or is developing.
[0033] In an example, the temperature magnitude is
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the hottest temperature in the second infrared image.
[0034] In an example, the temperature magnitude is
the hottest temperature in the different infrared image.
[0035] In anexample, the temperaturemagnitude is an
average of the hottest temperature in the second infrared
image and the hottest temperature in the different infra-
red image.
[0036] According to an example, the different infrared
image is the first infrared image.
[0037] According to an example, the different infrared
image was acquired at a time between the first infrared
image and the second infrared image, or the second
infrared image was acquired at a time between the first
infrared image and the different infrared image.
[0038] According to an example, the time period be-
tween acquisitions of the first infrared image and the
second infrared image is greater than the time duration
between acquisitions of the second infrared image and
the different infrared image.
[0039] According to an example, the threshold tem-
perature is a fixed temperature offset.
[0040] According to an example, the comparison be-
tween thefirst numberof pixelsand thesecondnumberof
pixels comprises a determination of a pixel count differ-
ence equal to the second number of pixels subtracted
from the first number of pixels.
[0041] According toanexample, thedetermination that
the hot spot exists in the device and/or the hot spot is
developing in the device comprises a comparison of the
pixel count differencewitha thresholdpixel count number
[0042] According to an example, the threshold pixel
count number is fixed.
[0043] According to an example, the threshold pixel
could number is a function of the hottest temperature in
the first infrared image and/or in the second infrared
image.
[0044] According toanexample, thedetermination that
the hot spot exists in the device and/or the hot spot is
developing in the device comprises an analysis of one or
more of: a shape of at least one region within the deter-
mined pixels in the first infrared image and second infra-
red image; a size of the at least one region within the
determined pixels in the first infrared image and second
infrared image; a position of the at least one regionwithin
the determined pixels in the first infrared image and
second infrared image.
[0045] According toanexample, thedetermination that
the hot spot exists in the device and/or the hot spot is
developing in the device comprises a determination that
a region in the second infrared image is smaller than a
corresponding region in the first infrared image.
[0046] According toanexample, thedetermination that
the hot spot exists in the device and/or the hot spot is
developing in the device comprises a determination that
a number of regions in the second infrared image is
smaller than a number of regions in the first infrared
image.
[0047] In an example, the determination that the hot

spot exists in the device and/or the hot spot is developing
in the device comprises a determination that the number
of regions in the second image is one.
[0048] In an example, the device comprises two or
more components of the same type that are loaded with
substantially the same current; wherein the determina-
tion that the hot spot exists in the device and/or the hot
spot is developing in the device comprises one or more
of: a shape of a first regionwithin the determined pixels in
the second infrared image is different to a shape of a
second region within the determined pixels in second
infrared image; a size of a first region within the deter-
mined pixels in the second infrared image is different to a
sizeof a second regionwithin thedeterminedpixels in the
second infrared image; a position of a region within the
determined pixels in the second infrared image is not
associated with a position of the two or more compo-
nents; anumberof regionswithin thedeterminedpixels in
the second infrared image is less than a number of the
two or more components.
[0049] In an example, the determination that the hot
spot exists in the device and/or the hot spot is developing
in the device comprises a determination that there is only
one region within the determined pixels in the second
infrared image.
[0050] In an example, the determination that the hot
spot exists in the device and/or the hot spot is developing
in the device comprises a generation of at least one
binary image, wherein the determined pixels in the first
and second infrared images are given a different binary
value to the remaining pixels in the at least one infrared
image.
[0051] According toanexample, thedetermination that
the hot spot exists in the device and/or the hot spot is
developing in the device comprises utilization of a ma-
chine learning algorithm
[0052] In an example, the machine learning algorithm
is a trained neural network.
[0053] According to an example, the plurality of infra-
red images were acquired at different times. The proces-
sing unit is configured to determine a pixel in each of the
plurality of infrared images associated with a hottest
temperature in each of the plurality of infrared images.
The processing unit is configured to determine a number
of threshold pixels in each of the plurality of infrared
images associated with a temperature that is within the
threshold temperature of the hottest temperature in each
of the plurality of infrared images. The determination that
the hot spot exists in the device and/or the hot spot is
developing in the device comprises a determination of a
rateof changeof thenumber of thresholdpixelswith time.
[0054] In an example, the determination that the hot
spot exists in the device and/or the hot spot is developing
in the device comprises a comparison of the rate of
change of the number of threshold pixels with time
against abaseline rate of changeof thenumber of thresh-
old pixels with time.
[0055] In an example, the device comprises at least a
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part of a medium voltage switchgear or comprises a
motor.
[0056] In an example, the processing unit is configured
to predict a temperature at a location of the device
associated with the pixel in the second infrared image
with the hottest temperature comprising utilization of the
temperature magnitude and the rate of change of tem-
peratureandacorrelation. Thecorrelation isa correlation
of a plurality of temperaturemagnitudes and a plurality of
rate of change of temperatures with a plurality of hotspot
temperatures. The determination that the hot spot exists
in the device and/or the hot spot is developing in the
device comprises utilization of the predicted tempera-
ture.
[0057] In an example, the determination that the hot
spot exists in the device and/or the hot spot is developing
in the device comprises a determination that the pre-
dicted temperature exceeds a threshold temperature.
[0058] In an example, the processing unit is configured
to select the correlation from a plurality of correlations of
different operational scenarios for the device. Each of the
plurality of correlations is a correlation of a plurality of
temperaturemagnitudes and a plurality of rate of change
of temperatures at the sensor location with a plurality of
hotspot temperatures at the location.
[0059] In an example, each of the plurality of correla-
tions is determined through experiments or through si-
mulations.
[0060] According to the invention, a method for mon-
itoring a device comprises:

acquiring by an infrared camera a plurality of infrared
images of the device,wherein the plurality of infrared
images comprises a first infrared image and a sec-
ond infrared image acquired a time period after the
first infrared image;
determining by a processing unit a pixel in the first
infrared image with a hottest temperature and de-
termining a pixel in the second infrared image with a
hottest temperature;
determining by the processing unit a first number of
pixels in the first infrared image that have a tempera-
ture within a threshold temperature of the hottest
temperature of the first infrared image and determin-
ing a second number of pixels in the second infrared
image that have a temperature within the threshold
temperatureof thehottest temperatureof the second
infrared image;
determining by the processing unit a temperature
magnitude comprising utilization of the hottest tem-
perature in the second infrared image and/or a hot-
test temperature in a different infrared image of the
plurality of infrared images acquired at a different
time to the second infrared image;
determining by the processing a rate of change of
temperature comprisingutilizationof thehottest tem-
perature in the second infrared imageand thehottest
temperature in thedifferent infrared imageanda time

duration between the acquisition of the second infra-
red image and the acquisition of the different infrared
image;
determining by the processing unit that a hot spot
exists in the device and/or a hot spot is developing in
the device comprising utilizing:

• a comparison between the first number of pixels
and the second number of pixels; and

• the temperature magnitude and the rate of
change of temperature; and

outputting by an output unit an indication of a fault in
thedeviceon thebasis of thedetermination that ahot
spot exists and/or is developing.

[0061] In an example, the temperature magnitude is
the hottest temperature in the second infrared image.
[0062] In an example, the temperature magnitude is
the hottest temperature in the different infrared image.
[0063] In anexample, the temperaturemagnitude is an
average of the hottest temperature in the second infrared
image and the hottest temperature in the different infra-
red image.
[0064] In anexample, thedifferent infrared image is the
first infrared image.
[0065] In anexample, thedifferent infrared image isnot
the first image and the different infrared image was
acquired at a time between the first infrared image and
the second infrared image, or the second infrared image
was acquired at a time between the first infrared image
and the different infrared image.
[0066] In an example, the time period between acqui-
sitions of the first infrared image and the second infrared
image is greater than the time duration between acquisi-
tions of the second infrared image and the different
infrared image.
[0067] In an example, the threshold temperature is a
fixed temperature offset.
[0068] In anexample, the comparisonbetween the first
number of pixels and the second number of pixels com-
prises a determination of a pixel count difference equal to
the second number of pixels subtracted from the first
number of pixels.
[0069] In an example, the determination that the hot
spot exists in the device and/or the hot spot is developing
in the device comprises a comparison of the pixel count
difference with a threshold pixel count number
[0070] Inanexample, the thresholdpixel count number
is fixed.
[0071] In anexample, the thresholdpixel could number
is a function of the hottest temperature in the first infrared
image and/or in the second infrared image.
[0072] In an example, the determining that the hot spot
exists in thedeviceand/or thehot spot isdeveloping in the
device comprises an analysis of one or more of: a shape
of at least one region within the determined pixels in the
first infrared image and second infrared image; a size of
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the at least one region within the determined pixels in the
first infrared image and second infrared image; a position
of the at least one region within the determined pixels in
the first infrared image and second infrared image.
[0073] In an example, the determining that the hot spot
exists in thedeviceand/or thehot spot isdeveloping in the
device comprises a determination that a region in the
second infrared image is smaller than a corresponding
region in the first infrared image.
[0074] In an example, the determining that the hot spot
exists in thedeviceand/or thehot spot isdeveloping in the
device comprises a determination that a number of re-
gions in the second infrared image is smaller than a
number of regions in the first infrared image.
[0075] In an example, the determination that the hot
spot exists in the device and/or the hot spot is developing
in the device comprises a determination that the number
of regions in the second image is one.
[0076] In an example, the device comprises two or
more components of the same type that are loaded with
substantially the same current; wherein the determina-
tion that the hot spot exists in the device and/or the hot
spot is developing in the device comprises one or more
of: a shape of a first regionwithin the determined pixels in
the second infrared image is different to a shape of a
second region within the determined pixels in second
infrared image; a size of a first region within the deter-
mined pixels in the second infrared image is different to a
sizeof a second regionwithin thedeterminedpixels in the
second infrared image; a position of a region within the
determined pixels in the second infrared image is not
associated with a position of the two or more compo-
nents; anumberof regionswithin thedeterminedpixels in
the second infrared image is less than a number of the
two or more components.
[0077] In an example, the determining that the hot spot
exists in thedeviceand/or thehot spot isdeveloping in the
device comprises a determination that there is only one
regionwithin the determinedpixels in the second infrared
image.
[0078] In an example, the determining that the hot spot
exists in thedeviceand/or thehot spot isdeveloping in the
device comprises a generation of at least one binary
image, wherein the determined pixels in the first and
second infrared images are given a different binary value
to the remaining pixels in the at least one infrared image.
[0079] In an example, the determining that the hot spot
exists in thedeviceand/or thehot spot isdeveloping in the
device comprises utilization of a machine learning algo-
rithm
[0080] In an example, the machine learning algorithm
is a trained neural network.
[0081] In an example, the plurality of infrared images
were acquired at different times, andwherein themethod
comprises determining by the processing unit a pixel in
each of the plurality of infrared images associated with a
hottest temperature in each of the plurality of infrared
images, anddeterminingby theprocessingunit anumber

of threshold pixels in each of the plurality of infrared
images associated with a temperature that is within the
threshold temperature of the hottest temperature in each
of the plurality of infrared images, and the determining
that the hot spot exists in the device and/or the hot spot is
developing in the device comprises determining a rate of
change of the number of threshold pixels with time.
[0082] In an example, the determining that the hot spot
exists in thedeviceand/or thehot spot isdeveloping in the
device comprises comparing the rate of change of the
number of threshold pixels with time against a baseline
rateof changeof thenumber of thresholdpixelswith time.
[0083] In an example, the device comprises at least a
part of a medium voltage switchgear or comprises a
motor.
[0084] In an example, the method comprises predict-
ing by the processing unit a temperature at a location of
thedeviceassociatedwith thepixel in thesecond infrared
image with the hottest temperature comprising utilizing
the temperature magnitude and the rate of change of
temperature and a correlation, where the correlation is a
correlation of a plurality of temperaturemagnitudesanda
plurality of rate of change of temperatures with a plurality
of hotspot temperatures, and where the determining that
the hot spot exists in the device and/or the hot spot is
developing in thedevice comprises utilizing thepredicted
temperature.
[0085] In an example, the determining that the hot spot
exists in thedeviceand/or thehot spot isdeveloping in the
device comprises a determination that the predicted
temperature exceeds a threshold temperature.
[0086] In an example, themethod comprises selecting
by the processing unit the correlation from a plurality of
correlations of different operational scenarios for the
device, where each of the plurality of correlations is a
correlation of a plurality of temperaturemagnitudesanda
plurality of rate of change of temperatures with a plurality
of hotspot temperatures.
[0087] In an example, each of the plurality of correla-
tions is determined through experiments or through si-
mulations.
[0088] Continuing with the figures, the system and
method for monitoring a device such as a switchgear
or motor is described in further detail, with respect to
specific embodiments, where reference is made to mon-
itoring a switchgear.
[0089] Fig. 1 shows a detailed workflow relating to an
example of the processing undertaken to determine a
fault in a switchgear. As shown at "A" an IR image of a
switchgear is acquired by an infrared camera. A pre-
processing step can be used to increase the image
quality. This can involve noise suppression, compensa-
tion of optical effects, removal of edges, etc. At "B" the
hottest temperature point within the image is acquired or
identified, for example 35°C. There could be several
pixels that have exactly the same highest temperature
and either or both can be selected. Then at "C" all the
pixels in the image that are within a threshold tempera-
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ture range of the highest temperature are selected. For
example, if the threshold temperature range is 7°C, then
all pixels between 28°C and 35°C are selected. Thus, the
threshold value is used to compute a range of values
which are considered hot in this particular case. The
threshold is the maximum temperature minus a specific
value. This value can be a fixed number of degrees
Celsius or a percentage of the current average tempera-
ture of the image, or a percentage of the maximum
temperature of the image or a dynamically changing
value in degrees Celsius depending on the average or
maximum temperature of the image. Thus, the threshold
can account for the influence of the ambient air tempera-
ture (inside the compartment and/or outside of the
switchgear) as well as take into account any influence
of compartment type. The result is shown in the following
image. Optionally, at "D" regions that are connected are
identified. At "E" the pixel count, number of regions,
shape, and/or size of individual regions is analysed to
decidewhether this is a fault or not. If a fault is determined
at "F" the pixel map is overlaid on a visual light image of
the switchgear, for example of the switchgear compart-
ment, to identify the position of the fault and/or to define
which regions belong to which phase of a three-phase
system.
[0090] Thus, the threshold is used to identify all camera
pixels which are hotter than the threshold value. Images
with a very strong hotspot will exhibit rather a small area.
If there is no hotspot, the area is wide or broad, and in
ideal cases even showing the different components of
interest as distinct unconnected regions.
[0091] The original IR image can be transformed to a
new, binary image, consisting of only two colors (for
example black and white), where one color (e.g. black)
are the pixels above the threshold (the hot pixels) and
other color (e.g. white) are the pixels below the threshold
(the cold pixels) - this is just an example, where of the
course the pixels can be the other way round, i.e. white is
"hot" and black is "cold". In general, this transformation
can result in a mask for further processing of the IR
image, for example by amachine learning algorithmsuch
as a trained neural network.
[0092] Thus, an algorithm applies a dynamic threshold
to the image and returns only the pixels that are in the
region of highest temperature. If the image shows a
healthy device, this algorithm will separate the back-
ground (low temperature) from the foreground (high
temperature). Thus it can be determined if a hot spot is
developing because the number of pixelswithin a thresh-
old of a maximum temperature starts to fall. Thus, a fault
in an isolated device that is leading to a hot spot can be
identified. Also, with respect to for example a three phase
switchgear then parts of each phase typically exhibit
equivalent current flow and due to Joule heating heat
up to equivalent temperatures. Thus, the temperature
difference between equivalent elements of the phases
will be less than the threshold temperature range and
thus all phases will be shown and the number of pixels

stays relatively stable. It is then further established that
there is a fault as the part with a fault remains at the
highest temperature, but other parts of that phase and of
the other phases start to disappear from within the tem-
perature threshold range.
[0093] Thus, theapproach is to count thenumberof hot
pixels, which is shown in Fig. 3. As shown cases with a
strong fault will show a sharp decline in the number of hot
pixels as the temperature increases in time. The number
of pixels used for determining a hot spot situation can be
derived for each scene by counting the pixels belonging
to one component of interest. If the number of hot pixels
drops below this value, the image is showing a hot spot.
The number of pixels used for determining a hot spot
situation can be also determined by experiments or si-
mulations or via machine learning algorithms. Thus, the
number of pixels of a hot region, compared to a baseline
for a component can be used to indicate if there is a fault,
and also the temporal change in the number of pixels
within the threshold region can also be used, when
compared against such a baseline, to indicate that the
component is abnormally hot and that there is a fault.
[0094] To catch more subtle faults, additional proper-
ties can be examined. For example, by taking the num-
bers and respective sizes of distinct regions, it is possible
to detect even less obvious hot spots. This is shown in
Fig. 2, where in the fault case the shape of pixels regions
within the threshold change shape.
[0095] The image (for example a transformed binary
image) can be further processed by machine learning.
The machine learning model can be trained with typical
patterns showing layout of hot pixels for images without
hot spot, layout of hot pixels for images with a hot spot on
a first specific component layout of hot pixels for images
with a hot spot on a second component and so forth. The
image can be fed to themodel and themodel will classify
it as "no hot spot", "hot spot on the first component or the
second component for example. The training data can be
easily created for each new scene. A subject matter
expert can recognize components on the IR or visual
camera image and create typical patterns of black and
white images that would be expected for healthy images,
and imageswhere different components have faults. The
training data can be created from the office, without the
need of expensive and time consuming experiments or
simulations. The IR image discussed above can be
composed of several individual images or sections of
individual images, e.g. from different cameras in one
panel or line-up or from different time steps.
[0096] The inventors have however established that
the maximum temperature and its rate of change of
temperature provides further information that improves
the accuracy of a fault determination based on the num-
ber of pixels within a threshold of themaximum tempera-
ture.
[0097] It has been established that a determined value
of Tand dT/dt provides a value that can be correlated to a
steady state temperature that will develop if nothing
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changes.
[0098] It has been established that the maximum tem-
perature derivative when combined with the maximum
temperature results in twodistinct clusters forhealthyand
faulty data.
[0099] This is shown inFig. 4 that plots the two features
T and dT/dt for the hottest pixel only. In a particular
scenario if a temperature of 45°C is determined with a
rate of change of temperature of 1.1 then it has been
determined that under steady state conditions, with noth-
ing else happening, the temperature will not develop into
a critical temperature. However, if a temperature of 65°C
hasbeenmeasurewitha rateof changeof temperatureof
1.75, even though the temperature at the moment is not
critical, it has been established that under steady state
conditions with no change, the temperature at this loca-
tion will develop into a critical temperature and remedial
action should be taken before that critical temperature
develops. Thedifferent linesare shown inFig. 2 to enable
the different correlations for different scenarios to be
viewed more easily. Thus in Fig. 2 for each correlation
centred around a line the temperature and its rise rate in
the hottest pixel of the IR camera is shown, where differ-
ent lines represent several scenarios. For each scenario
at the lower temperature range a developed temperature
of a hotspot T_HS will be uncritical. However, at the
higher temperature range foreachcorrelation thehotspot
temperature T_HS will develop to a temperature above
threshold and overheating will occur, and mitigating ac-
tions need to be taken to stop this happening.
[0100] Thus, when this information is combined with
the number of pixels within a threshold of the maximum
temperature this in effect produces three dimensional
information and provides even more cluster distinction.
[0101] Typically, it is possible to define a threshold
between the healthy and the faulty region by considering
a constant value of a pixel number within the threshold
temperature. If the number of pixels is below that value, a
fault can be determined to have occurred. On the other
hand, if this line is a function of themaximum temperature
in the image, a more flexible border appears and pro-
blems can be recognized at earlier stages. The exact
positionof the line canbedeterminedbyaSupportVector
Machine (SVM) or similar algorithm. Alternatives to SVM
are other machine learning classification or clustering
algorithms.
[0102] Thus, a support vector machine or similar ML
algorithm can be trained to specify whether a device is
healthy or faulty by using themaximum temperature with
the number of pixels within a threshold range of the
maximum temperature and the temperature derivative
as features.

Claims

1. A system for monitoring a device, the system com-
prising: an infrared camera; a processing unit; and

an output unit;

wherein, the infrared camera is configured to
acquire a plurality of infrared images of the
device, wherein the plurality of infrared images
comprises a first infrared image and a second
infrared image acquired a time period after the
first infrared image;
wherein the processing unit is configured to
determine a pixel in the first infrared image with
a hottest temperature and determine a pixel in
the second infrared image with a hottest tem-
perature;
wherein the processing unit is configured to
determine a first number of pixels in the first
infrared image that have a temperature within
a threshold temperature of the hottest tempera-
ture of the first infrared image and determine a
second number of pixels in the second infrared
image that havea temperaturewithin the thresh-
old temperatureof thehottest temperatureof the
second infrared image;
wherein the processing unit is configured to
determine a temperaturemagnitude comprising
utilization of the hottest temperature in the sec-
ond infrared image and/or a hottest temperature
in a different infrared image of the plurality of
infrared images acquired at a different time to
the second infrared image;
wherein the processing unit is configured to
determine a rate of change of temperature com-
prising utilization of the hottest temperature in
the second infrared image and the hottest tem-
perature in the different infrared image and a
time duration between the acquisition of the
second infrared image and the acquisition of
the different infrared image;
wherein the processing unit is configured to
determine that a hot spot exists in the device
and/or a hot spot is developing in the device
comprising utilization of a comparison between
thefirst numberof pixelsand thesecondnumber
of pixels and the temperaturemagnitudeand the
rate of change of temperature; and
wherein theoutput unit is configured tooutput an
indication of a fault in the device on the basis of
the determination that a hot spot exists and/or is
developing.

2. System according to claim 1, wherein the different
infrared image is the first infrared image.

3. System according to claim 1, wherein the different
infrared image was acquired at a time between the
first infrared imageand the second infrared image, or
the second infrared image was acquired at a time
between the first infrared image and the different
infrared image.

5

10

15

20

25

30

35

40

45

50

55



10

17 EP 4 080 450 B1 18

4. Systemaccording to claim3,wherein the timeperiod
between acquisitions of the first infrared image and
the second infrared image is greater than the time
duration between acquisitions of the second infrared
image and the different infrared image.

5. System according to any of claims 1‑4, wherein the
threshold temperature is a fixed temperature offset.

6. System according to any of claims 1‑5, wherein the
comparison between the first number of pixels and
the second number of pixels comprises a determina-
tion of a pixel count difference equal to the second
number of pixels subtracted from the first number of
pixels.

7. System according to claim 6, wherein the determi-
nation that the hot spot exists in the device and/or the
hot spot is developing in the device comprises a
comparison of the pixel count difference with a
threshold pixel count number

8. System according to claim 7, wherein the threshold
pixel count number is fixed.

9. System according to claim 7, wherein the threshold
pixel count number is a function of the hottest tem-
perature in the first infrared image and/or in the
second infrared image.

10. System according to any of claims 1‑9, wherein the
determination that the hot spot exists in the device
and/or the hot spot is developing in the device com-
prises an analysis of one or more of: a shape of at
least one region within the determined pixels in the
first infrared imageandsecond infrared image; a size
of theat least one regionwithin thedeterminedpixels
in the first infrared image and second infrared image;
a position of the at least one region within the de-
terminedpixels in the first infrared imageand second
infrared image.

11. System according to claim 10 wherein the determi-
nation that the hot spot exists in the device and/or the
hot spot is developing in the device comprises a
determination that a region in the second infrared
image is smaller than a corresponding region in the
first infrared image.

12. Systemaccording to any of claims 10‑11wherein the
determination that the hot spot exists in the device
and/or the hot spot is developing in the device com-
prisesadetermination that anumberof regions in the
second infrared image is smaller than a number of
regions in the first infrared image.

13. System according to any of claims 1‑12, wherein the
determination that the hot spot exists in the device

and/or the hot spot is developing in the device com-
prises utilization of a machine learning algorithm.

14. System according to any of claims 1‑13, wherein the
plurality of infrared imageswere acquired at different
times, wherein the processing unit is configured to
determine a pixel in each of the plurality of infrared
images associated with a hottest temperature in
each of the plurality of infrared images, wherein
the processing unit is configured to determine a
number of threshold pixels in each of the plurality
of infrared images associated with a temperature
that is within the threshold temperature of the hottest
temperature in each of the plurality of infrared
images, and wherein the determination that the
hot spot exists in the device and/or the hot spot is
developing in the device comprises a determination
of a rate of change of the number of threshold pixels
with time.

15. A method for monitoring a device, the method com-
prising:

acquiring by an infrared camera a plurality of
infrared images of the device, wherein the plur-
ality of infrared images comprises a first infrared
image and a second infrared image acquired a
time period after the first infrared image;
determining by a processing unit a pixel in the
first infrared image with a hottest temperature
and determining a pixel in the second infrared
image with a hottest temperature;
determining by the processing unit a first num-
berof pixels in the first infrared image that havea
temperature within a threshold temperature of
the hottest temperature of the first infrared im-
age and determining a second number of pixels
in the second infrared image that have a tem-
perature within the threshold temperature of the
hottest temperature of the second infrared im-
age;
determining by the processing unit a tempera-
ture magnitude comprising utilization of the hot-
test temperature in the second infrared image
and/or a hottest temperature in a different infra-
red image of the plurality of infrared images
acquired at a different time to the second infra-
red image;
determining by the processing unit a rate of
change of temperature comprising utilization
of the hottest temperature in the second infrared
image and the hottest temperature in the differ-
ent infrared image and a time duration between
the acquisition of the second infrared image and
the acquisition of the different infrared image;
determining by the processing unit that a hot
spot exists in the device and/or a hot spot is
developing in the device comprising utilizing:
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a comparison between the first number of
pixels and the second number of pixels; and
the temperature magnitude and the rate of
change of temperature; and
outputting by an output unit an indication of
a fault in the device on the basis of the
determination that a hot spot exists and/or
is developing.

Patentansprüche

1. SystemzurÜberwachungeinesGeräts, umfassend:

eine Infrarotkamera;
eine Verarbeitungseinheit; und
eine Ausgabeeinheit;
wobei die Infrarotkamera eingerichtet ist, eine
Vielzahl von Infrarotbildern des Geräts zu er-
fassen,wobei dieVielzahl von Infrarotbildernein
erstes Infrarotbild und ein zweites Infrarotbild
umfasst, die in einem zeitlichen Abstand nach
dem ersten Infrarotbild erfasst wurden;
wobei die Verarbeitungseinheit eingerichtet ist,
ein Pixel im ersten Infrarotbild mit der höchsten
Temperatur zubestimmenundeinPixel imzwei-
ten Infrarotbild mit der höchsten Temperatur zu
bestimmen;
wobei die Verarbeitungseinheit eingerichtet ist,
eine erste Anzahl von Pixeln im ersten Infrarot-
bild zu bestimmen, die eine Temperatur inner-
halb einer Schwellentemperatur der höchsten
Temperatur des ersten Infrarotbilds aufweisen,
und eine zweite Anzahl von Pixeln im zweiten
Infrarotbild zu bestimmen, die eine Temperatur
innerhalb der Schwellentemperatur der höch-
sten Temperatur des zweiten Infrarotbilds auf-
weisen;
wobei die Verarbeitungseinheit eingerichtet ist,
eine Temperaturgröße zu bestimmen, die die
Nutzung der höchsten Temperatur im zweiten
Infrarotbild und/oder einer höchstenTemperatur
in einem anderen Infrarotbild der Vielzahl von
Infrarotbildern, die zueineranderenZeit alsdem
zweiten Infrarotbild erfasst wurden, umfasst;
wobei die Verarbeitungseinheit eingerichtet ist,
eine Temperaturänderungsrate zu bestimmen,
die die Nutzung der höchsten Temperatur im
zweiten Infrarotbild und der höchsten Tempera-
tur im anderen Infrarotbild sowie eine Zeitdauer
zwischen der Erfassung des zweiten Infrarot-
bilds und der Erfassung des anderen Infrarot-
bilds umfasst;
wobei die Verarbeitungseinheit eingerichtet ist,
zu bestimmen, dass ein Hotspot im Gerät vor-
handen ist und/oder sich ein Hotspot im Gerät
entwickelt, wobei ein Vergleich zwischen der
ersten Anzahl von Pixeln und der zweiten An-

zahl von Pixeln sowie die Temperaturgröße und
die Temperaturänderungsrate genutzt werden;
und
wobei die Ausgabeeinheit eingerichtet ist, eine
Anzeige eines Fehlers im Gerät auf der Grund-
lage der Bestimmung, dass ein Hotspot vorhan-
den ist und/oder sich entwickelt, auszugeben.

2. System nach Anspruch 1, wobei das andere Infra-
rotbild das erste Infrarotbild ist.

3. System nach Anspruch 1, wobei das andere Infra-
rotbild zu einem Zeitpunkt erfasst wurde, der zwi-
schenderErfassungdesersten Infrarotbildsunddes
zweiten Infrarotbilds liegt, oder das zweite Infrarot-
bild zu einem Zeitpunkt erfasst wurde, der zwischen
der Erfassung des ersten Infrarotbilds und des an-
deren Infrarotbilds liegt.

4. System nach Anspruch 3, wobei der zeitliche Ab-
stand zwischen der Erfassung des ersten Infrarot-
bilds und des zweiten Infrarotbilds größer ist als die
Zeitdauer zwischenderErfassungdeszweiten Infra-
rotbildsundderErfassungdesanderen Infrarotbilds.

5. SystemnacheinemderAnsprüche1bis 4,wobei die
Schwellentemperatur ein fester Temperaturversatz
ist.

6. SystemnacheinemderAnsprüche1bis5,wobei der
VergleichzwischendererstenAnzahl vonPixelnund
der zweiten Anzahl von Pixeln eine Bestimmung
einer Pixelanzahl-Differenz umfasst, die gleich der
zweiten Anzahl von Pixeln abzüglich der ersten An-
zahl von Pixeln ist.

7. System nach Anspruch 6, wobei die Bestimmung,
dass der Hotspot im Gerät vorhanden ist und/oder
sich entwickelt, einen Vergleich der Pixelanzahl-Dif-
ferenz mit einer Schwellenpixelanzahlnummer um-
fasst.

8. System nach Anspruch 7, wobei die Schwellenpixe-
lanzahlnummer fest ist.

9. System nach Anspruch 7, wobei die Schwellenpixe-
lanzahlnummer eine Funktion der höchsten Tempe-
ratur imersten Infrarotbild und/oder im zweiten Infra-
rotbild ist.

10. SystemnacheinemderAnsprüche1bis 9,wobei die
Bestimmung, dass der Hotspot im Gerät vorhanden
ist und/oder sich entwickelt, eine Analyse eines oder
mehrerer der folgenden Merkmale umfasst:

die Form mindestens eines Bereichs innerhalb
der bestimmten Pixel im ersten und zweiten
Infrarotbild;
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dieGrößedesmindestenseinenBereichs inner-
halbder bestimmtenPixel imerstenundzweiten
Infrarotbild;
die Position des mindestens einen Bereichs in-
nerhalb der bestimmten Pixel im ersten und
zweiten Infrarotbild.

11. System nach Anspruch 10, wobei die Bestimmung,
dass der Hotspot im Gerät vorhanden ist und/oder
sich entwickelt, eine Bestimmung umfasst, dass ein
Bereich im zweiten Infrarotbild kleiner ist als ein
entsprechender Bereich im ersten Infrarotbild.

12. System nach einem der Ansprüche 10 bis 11, wobei
die Bestimmung, dass der Hotspot imGerät vorhan-
den ist und/oder sich entwickelt, eine Bestimmung
umfasst, dass eineAnzahl vonBereichen imzweiten
Infrarotbild kleiner ist als eine Anzahl von Bereichen
im ersten Infrarotbild.

13. System nach einem der Ansprüche 1 bis 12, wobei
die Bestimmung, dass der Hotspot imGerät vorhan-
den ist und/oder sich entwickelt, die Nutzung eines
maschinellen Lernalgorithmus umfasst.

14. System nach einem der Ansprüche 1 bis 13, wobei
die Vielzahl von Infrarotbildern zu unterschiedlichen
Zeiten erfasst wurde, wobei die Verarbeitungsein-
heit eingerichtet ist, dass sie für jedes der Infrarot-
bilder ein Pixel bestimmt, das mit der höchsten
Temperatur in jedem der Infrarotbilder verbunden
ist, wobei die Verarbeitungseinheit eingerichtet ist,
dass sie eine Anzahl von Schwellenpixeln in jedem
der Infrarotbilder bestimmt, diemit einer Temperatur
verbunden sind, die innerhalb der Schwellentempe-
ratur der höchsten Temperatur in jedem der Infrarot-
bilder liegt, und wobei die Bestimmung, dass der
Hotspot im Gerät vorhanden ist und/oder sich ent-
wickelt, eine Bestimmung der Temperaturände-
rungsrate der Anzahl der Schwellenpixel mit der Zeit
umfasst.

15. Ein Verfahren zur Überwachung eines Geräts, um-
fassend:
Erfassen durch eine Infrarotkamera eine Vielzahl
von Infrarotbildern des Geräts, wobei die Vielzahl
von Infrarotbildern ein erstes Infrarotbild und ein
zweites Infrarotbild umfasst, die in einem zeitlichen
Abstand nach dem ersten Infrarotbild erfasst wur-
den;

Bestimmen durch eine Verarbeitungseinheit ein
Pixel im ersten Infrarotbild mit der höchsten
Temperatur und Bestimmen eines Pixels im
zweiten Infrarotbild mit der höchsten Tempera-
tur;
Bestimmen durch die Verarbeitungseinheit eine
erste Anzahl von Pixeln im ersten Infrarotbild,

die eine Temperatur innerhalb einer Schwellen-
temperatur der höchstenTemperatur des ersten
Infrarotbilds aufweisen, und Bestimmen einer
zweiten Anzahl von Pixeln im zweiten Infrarot-
bild, die eine Temperatur innerhalb der Schwel-
lentemperatur der höchsten Temperatur des
zweiten Infrarotbilds aufweisen;
Bestimmen durch die Verarbeitungseinheit eine
Temperaturgröße, die dieNutzungder höchsten
Temperatur im zweiten Infrarotbild und/oder ei-
ner höchsten Temperatur in einem anderen Inf-
rarotbild der Vielzahl von Infrarotbildern, die zu
einer anderen Zeit als dem zweiten Infrarotbild
erfasst wurden, umfasst;
Bestimmen durch die Verarbeitungseinheit eine
Temperaturänderungsrate, die die Nutzung der
höchsten Temperatur im zweiten Infrarotbild
und der höchsten Temperatur im anderen Infra-
rotbild sowie eine Zeitdauer zwischen der Er-
fassung des zweiten Infrarotbilds und der Er-
fassung des anderen Infrarotbilds umfasst;
Bestimmen durch die Verarbeitungseinheit,
dass ein Hotspot im Gerät vorhanden ist und/o-
der sich ein Hotspot im Gerät entwickelt, wobei
genutzt wird: ein Vergleich zwischen der ersten
Anzahl von Pixeln und der zweiten Anzahl von
Pixeln; und die Temperaturgröße und die Tem-
peraturänderungsrate; und Ausgeben durch ei-
ne Ausgabeeinheit einer Anzeige eines Fehlers
im Gerät auf der Grundlage der Bestimmung,
dass ein Hotspot vorhanden ist und/oder sich
entwickelt.

Revendications

1. Systèmedestinéàsurveiller undispositif, le système
comprenant : une caméra infrarouge ; une unité de
traitement ; et une unité de sortie ;

dans lequel la caméra infrarouge est conçue
pour acquérir une pluralité d’images infrarouges
du dispositif, la pluralité d’images infrarouges
comprenant une première image infrarouge et
une deuxième image infrarouge acquise un laps
de temps après la première image infrarouge ;
dans lequel l’unité de traitementest conçuepour
déterminer un pixel dans la première image
infrarouge avec une température la plus chaude
et déterminer un pixel dans la deuxième image
infrarouge avec une température la plus
chaude ;
dans lequel l’unité de traitementest conçuepour
déterminer un premier nombre de pixels dans la
première image infrarouge qui ont une tempé-
rature à moins d’une température seuil de la
température la plus chaude de la première
image infrarouge et déterminer un deuxième
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nombre de pixels dans la deuxième image in-
frarouge qui ont une température à moins de la
température seuil de la température la plus
chaude de la deuxième image infrarouge ;
dans lequel l’unité de traitementest conçuepour
déterminer une amplitude de température, ce
qui comprend l’utilisation de la température la
plus chaudedans la deuxième image infrarouge
et/ou d’une température la plus chaude dans
une image infrarouge différente de la pluralité
d’images infrarouges acquise à un moment dif-
férent de la deuxième image infrarouge ;
dans lequel l’unité de traitementest conçuepour
déterminer un taux de variation de la tempéra-
ture, ce qui comprend l’utilisation de la tempé-
rature la plus chaude dans la deuxième image
infrarouge et de la température la plus chaude
dans l’image infrarouge différente et d’une du-
rée entre l’acquisition de la deuxième image
infrarouge et l’acquisition de l’image infrarouge
différente ;
dans lequel l’unité de traitementest conçuepour
déterminer qu’un point chaud existe dans le
dispositif et/ou qu’un point chaud est en train
de se développer dans le dispositif, ce qui
comprend l’utilisation d’une comparaison entre
le premier nombre de pixels et le deuxième
nombre de pixels et de l’amplitude de tempéra-
ture et du taux de variation de la température ; et
dans lequel l’unité de sortie est conçue pour
délivrer une indication d’un défaut dans le dis-
positif sur la base de la détermination qu’un
point chaud existe et/ou est en train de se dé-
velopper.

2. Système selon la revendication 1, dans lequel l’i-
mage infrarouge différente est la première image
infrarouge.

3. Système selon la revendication 1, dans lequel l’i-
mage infrarouge différente a été acquise à un mo-
ment entre la première image infrarouge et la deu-
xième image infrarouge, ou bien la deuxième image
infrarouge a été acquise à un moment entre la pre-
mière image infrarouge et l’image infrarouge diffé-
rente.

4. Systèmeselon la revendication3, dans lequel le laps
de temps entre les acquisitions de la première image
infrarouge et de la deuxième image infrarouge est
supérieur à la durée entre les acquisitions de la
deuxième image infrarouge et de l’image infrarouge
différente.

5. Système selon l’une quelconque des revendications
1à4, dans lequel la température seuil est un écart de
température fixe.

6. Système selon l’une quelconque des revendications
1 à 5, dans lequel la comparaison entre le premier
nombre de pixels et le deuxième nombre de pixels
comprend une détermination d’une différence de
nombre de pixels égale au deuxième nombre de
pixels soustrait du premier nombre de pixels.

7. Système selon la revendication 6, dans lequel la
détermination que le point chaud existe dans le
dispositif et/ou que le point chaud est en train de
se développer dans le dispositif comprend une
comparaison de la différence de nombre de pixels
avec un nombre de pixels seuil.

8. Système selon la revendication 7, dans lequel le
nombre de pixels seuil est fixe.

9. Système selon la revendication 7, dans lequel le
nombre de pixels seuil est une fonction de la tempé-
rature la plus chaude dans la première image infra-
rouge et/ou dans la deuxième image infrarouge.

10. Système selon la revendication 1 à 9, dans lequel la
détermination que le point chaud existe dans le
dispositif et/ou que le point chaud est en train de
se développer dans le dispositif comprend une ana-
lyse d’un ou plusieurs des éléments suivants : une
forme d’au moins une région à l’intérieur des pixels
déterminés dans la première image infrarouge et la
deuxième image infrarouge ; une taille de l’au moins
une région à l’intérieur des pixels déterminés dans la
première image infrarouge et la deuxième image
infrarouge ; une position de l’au moins une région
à l’intérieur des pixels déterminés dans la première
image infrarouge et la deuxième image infrarouge.

11. Système selon la revendication 10, dans lequel la
détermination que le point chaud existe dans le
dispositif et/ou que le point chaud est en train de
se développer dans le dispositif comprend une dé-
termination qu’une région dans la deuxième image
infrarouge est plus petite qu’une région correspon-
dante dans la première image infrarouge.

12. Système selon l’une quelconque des revendications
10 et 11, dans lequel la détermination que le point
chaud existe dans le dispositif et/ou que le point
chaudest en train de sedévelopper dans le dispositif
comprend une détermination qu’un nombre de ré-
gions dans la deuxième image infrarouge est infé-
rieur à unnombre de régions dans la première image
infrarouge.

13. Système selon l’une quelconque des revendications
1 à 12, dans lequel la détermination que le point
chaud existe dans le dispositif et/ou que le point
chaudest en train de sedévelopper dans le dispositif
comprend l’utilisation d’un algorithme d’apprentis-
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sage automatique.

14. Système selon l’une quelconque des revendications
1 à 13, dans lequel la pluralité d’images infrarouges
ont été acquises à différents moments, dans lequel
l’unité de traitement est conçue pour déterminer un
pixel dans chacune de la pluralité d’images infrarou-
ges associé à une température la plus chaude dans
chacune de la pluralité d’images infrarouges, dans
lequel l’unité de traitement est conçue pour détermi-
ner un nombre de pixels seuils dans chacune de la
pluralité d’images infrarouges associés à une tem-
pérature qui est àmoins de la température seuil de la
température la plus chaude dans chacune de la
pluralité d’images infrarouges, et dans lequel la dé-
termination que le point chaud existe dans le dis-
positif et/ou que le point chaud est en train de se
développer dans le dispositif comprend une déter-
mination d’un taux de variation du nombre de pixels
seuils avec le temps.

15. Procédé destiné à surveiller un dispositif, le procédé
comprenant :

l’acquisition par une caméra infrarouge d’une
pluralité d’images infrarouges du dispositif, la
pluralité d’images infrarouges comprenant une
première image infrarouge et une deuxième
image infrarouge acquise un laps de temps
après la première image infrarouge ;
la déterminationparuneunité de traitement d’un
pixel dans la première image infrarouge avec
une température la plus chaude et la détermina-
tion d’un pixel dans la deuxième image infra-
rouge avec une température la plus chaude ;
la détermination par l’unité de traitement d’un
premier nombre de pixels dans la première
image infrarouge qui ont une température à
moins d’une température seuil de la tempéra-
ture la plus chaude de la première image infra-
rouge et la détermination d’un deuxième nom-
bredepixelsdans ladeuxième image infrarouge
qui ont une température à moins de la tempé-
rature seuil de la température la plus chaude de
la deuxième image infrarouge ;
la détermination par l’unité de traitement d’une
amplitude de température, ce qui comprend
l’utilisation de la température la plus chaude
dans la deuxième image infrarouge et/ou d’une
température la plus chaude dans une image
infrarouge différente de la pluralité d’images
infrarouges acquise à un moment différent de
la deuxième image infrarouge ;
la détermination par l’unité de traitement d’un
taux de variation de la température, ce qui
comprend l’utilisation de la température la plus
chaude dans la deuxième image infrarouge et
de la température la plus chaude dans l’image

infrarouge différente et d’une durée entre l’ac-
quisition de la deuxième image infrarouge et
l’acquisition de l’image infrarouge différente ;
la détermination par l’unité de traitement qu’un
point chaud existe dans le dispositif et/ou qu’un
point chaudesten traindesedévelopperdans le
dispositif, ce qui comprend l’utilisation :

d’unecomparaisonentre lepremier nombre
de pixels et le deuxième nombre de pixels ;
et
de l’amplitude de température et du taux de
variation de la température ; et
la délivrance par une unité de sortie d’une
indication d’un défaut dans le dispositif sur
la base de la détermination qu’un point
chaud existe et/ou est en train de se déve-
lopper.
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